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ABSTRACT

The TMI-. accident provides the only full scale integrated
facil:ty data for a severe nuclear power reactor data which can
s time be used in bench marking the severe accident
computer codes. The TMI-2 Standard Problem Package , including

1ts enclosures, provides the data required to perform the
benchmarkinc calculations. The package is composed of 5
independent but interrelated documents: (1) the plant
configuration data base, (2) the sequence of events data base,
(3) =he :n:itial! and boundary conditions data base, (4) the

accidert scenario and (5) the demonstration calculation.
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The 71-2 accident on March 28, 1979 provides the only full scale
'ntegrated facility data upon which to judge the capabilities of the severe
acci:err computer codes such as RELAP/SCOAP. The TMI-2 accident started with
a loss of main teedwater to both once-through steam generators (0TSG). This
loss 0° neat sins came about when the main teedwater pumps (MFP) lost suction
caused b, a loss o' both condensate pumps. The main turbine tripped and the
auxiliary feedwater pumps (AFWP) started in accordance with plant design.
However K the AFW system block valves (EF-V12A and EF-V12B) were in the closed
posizior. Due to the loss of the heat sirk, primary system pressure
'ncreased rapidly and the pressurizer Electromatic Relief valve (also known
as the pilaot operated relief valve or PORV) opened. The reactor tripped on
high primary system pressure in accordance with plant design and primary
pressure <,s%er dropped. When primary pressure dropped the PORV src.1d have
closed, out remained open. The accident was about 10 seconds old at this
point. w~itnout AFw the OTSG's boiled dry in about 1.5 minutes. At 8 m'nutes
tne AfW bl . valves were opened and measurable levels were reestablished in
<ne 0TSG's by 25 minutes. By the time that AFW injection was started both
p-ima-y hot legs had reached saturation temperature. This situation
continued .r"il atout "3 minutes when the B loop reactor coolant pumps (RCP)
were shut cowr to preclude operation below their net positive suction head.
A% avout 130 mirutes the A loop RCP's were shut down for the same reason.

=. the *ime all tour R(P's were shut down the primary system had 1os® a
s'gni*icant oortion of its coolant inventory. Shortly after the final pump
trip betn not leg temperatures increased above saturation temperature. Thus
superreated s-eam was now being produced in the reactor. At about 139
mirutes the PORV bloc. valve was closed and the loss of coolant through this
catr terminated. At 174 minutes the 2B reactor coolant pump was started and
ren s-00521 at 193 minutes due to low motor current. At 200 minutes makeup
cumps LA and .. were both in operation for a short period of time. At about
_r_ and 267 mirutes mave up pumps 1B and 1C were placed into continuous
oreration. It is generally believed that the reactor was refilled by 300
~irLtes arc tre accident was in the recovery phase. This brief sequence of
tre accident e ents indicates the severity of the accident in that the core
was atove tne normal subcooled conditions for almost 5 hours and above
sasuracion -:~2itions for about 3 hours.

It is no" possible to create from the TM[-2 accident a standard problem
1n tne classic sense. The events on March 28, 1979 were not planned to
provice a bench mars« data set and the plant instrumentation was intended for
normal coperations no*- experiments, and many critical parameters were not
recorced. This coupled with the delicate thermal hydraulics of the accident
mare simulation -f tne TMI-2 accident a challenge to the severe accident
computer csles,

Tre purpose 0° tnis document and it enclosures is to provide sutticient
sa%a upon «~icn computer calculations for the first 300 minutes of the
accicert can be accomplished. The required intormation is provided in the
‘orm of paper documentation, micro computer diskettes and magnetic tape.

Tre types of in‘ormation regquired to perform a computer calculation of
~ne ™) -2 accident are (1) plan® configuration data, (2) the sequence of
esen%s, ‘ar more detailed than tne above sequence, during the accident, (3)
~re irivfal operating conditions at the time ot the turbine trip, (4) the
~hermal rydraulic boundary conditions during the first 300 minutes of the
sccigert, (5) an accident scenario wnich provides the best estimate of the
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events during the accident which are beyond the measurable data, and (6) a
demonstration calculation which shows that such a calculation is possible.

The ptant configuration data includes the plant geometry and performance
parameters and is provided in section 2 of this document. The plant
configuration data is provided as a paper data base only. The types of data
provided are schematic diagrams of various piping systems, dimensions of
pipings systems and components, description of reactor vessel components,
data on the reactor core, and performance data for various components.

The sequence of events, initial conditions and boundary conditions data are
provided as micro computer data bases. The hardware reguirements for these
data bases are an IBM PC/AT or XT (or compatible computer) with at least 640K
bytes of memory and a math coprocessor. These data bases have been developed
in SAGEl, a scientific, relational data base management system developed at
the INEL. The user guides for these data bases are provided in sections 3
and 4. Since not all boundary conditions are available as measured data,
missing data are provided on the basis of calculations. The calculated
boundary conditions are marked in the data base as estimates. The accident
scenario section 5, was not available at the time of publication and will be
provided in January, 1987. The remaining section of this document discusses
the demonstration calculation performed with the integrated RELAP/SCDAP
computer code.

The sequence of events data base (SOE) provides the timing at which
various events occurred during the accident (Many of which were operator
initiated). The SOE is based on the GPU sequence of eventsz, and has been
corrected where the plant data taken during the accident indicates the GPU
sequence to be in error. Notations have been made in the data base to
identify these corrections.

The initial and boundary conditions (ICBC) data base provides the
required initial conditions for initiation of the calculation at turbine
trip, 100 minutes and 174 minutes into the accident and the boundary
conditions. While the initial conditions at turbine trip were readily
available, the conditions at 100 and 174 minutes require the use of some
estimated parameters. In particular the primary coolant system (PCS) mass
inventory is provided as a calculated value. The HPI/makeup and letdown
flows and auxiliary feedwater flow were not measured. These flows are
significant to primary and secondary system mass inventory. Calculated flows
have been provided as the best estimate or bounding set of values. The
process by which the quality of the data and the categories of data quality
were developed are discussed in the initial and boundary conditions user
guide.

The demonstration calculation was performed using the integrated
RELAP/SCDAP computer code. Auxiliary feed was calculated by the code based
on a steam generator level control system. That is the AFW flow rate was
calculated by the code so as to match a specified steam generator level. A
discussion of the calculation is provided as the last section of the
package. In general the calculation compares well to the data, is consistent
with our conceptions of the accident and demonstrates that an integrated
calculation of the accident is possible. The calculation indicated that
steam generator heat transfer was one of the most dominant intluences on the
accident along with the mass inventory loss through the pressurizer relief
valve. Small changes in AFW flow rates appear to have a significant impact
on the primary system. This behavior is still being examined.
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CORE DATA

rel.ets
:;amete:, 0.
.eng=zh, ;n.
Mater:
:e:s‘:;,i ct

Fue. Rcds
Cu-s.le diameter, .. 0.430 2
wall Thicxress, in 0.0265 2
Z.ameTral gap, .n. 0.007 2
Length, in. 153,125 2

L1Tch, 1in 0.568 2

Mater:al, cladding & end pLugs zirc 4 2

TLie. Asserr..es
Zrcss sectizn, Ln. 8.54 X 8.54 1l
Tz%al iength, i1n. 165.6 2
ACTive length, in. 144 2
rie. rzds 208 2
Suide =ures 16 2
Instrumens tuites 1 2
5r.d spacers, equa.ly sgaced 8 2

Core ”
Heated flcw area, £%-. 49.2 2
Zcre cco.ant ave. vel, f:ésec. 16.52 2
Heat =-ransfer surface, £c<, 49,734 2
~Ave. temg. rise in core, F. 53.6 1
Hct channel cutlet temp., F. 649.5 1
Core ccolant vol.(total), £e3, 722 2
Fiel centerline temp.(max), F. 4170 <
Tue. <emgerature (ave), F <00 2

Takt.e

-

.0



Volume Data

description value reference
Reactor Vessel
Lower plsnum, £e3. 292 2
Core, ft-°. 722 2
Downcomer, ft3. 1225 2
Upper plenum, §t3. 776 2
Upper head, ft-. 508 2
Steam Generator
Lower plenum, £e3. 277 2
Upper plenum, fr3. 281 2
Secondary side, £e3. 3412 3
Pressurizer (at 220 in. water level)
Water volume, £e3. 800 3
Steam volume, £fe3. 700 3
Cold Leg, each, ft3. 237.5 3
Hot Leg, each, ft3. 469 3
Reactor Coolant Pumps, each, ft3 98 3
Surge Line, ££3. 20 3
Spray Line, £e3. 2 3
Core Flood Tank, each, £e3. 1410 2
Make-up Tank, ft3. 400 6
Reactor Coolant Drain Tank, fe3 920 6
Containment
Free volume, ft3. 2.116 X 106 4
Sprayed volume, ££3. 1.629 x 108 4

Table 2.0
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CORE DATA

- = D W W WR e e R W A M e MR R T G e e A T e W W Th SR M N M M T D R G MR M W W T R e W Mmam e M e P W e e e

description value reference
r.el Pellets
C.ameter, :.n. 0.370 2
length, 1in. 0.70 1
Material Uo, 2
Density,% ¢f theoretical 92.5 2
Fuel Rods
Outs:de d:ameter, :.n. 0.430 2
wall <hickness, 1in. 0.0265 2
D.ametral gap, 1in. 0.007 2
Length, .n. 153.125 2
Pitch, :in. 0.568 2
Mazerial, cladding & end plugs zirc 4 2
T.e. Assemblies
Zrcss section, an. 8.54 X 8.54 1
Total length, in. 165.6 2
Active length, 1in. 144 2
Fuel rods 208 2
Guide tibes 16 2
Irstrument tubes 1 2
Grid spacers, equally spaced 8 2
Core ;
Heated flow area, ft-. 49.2 2
Ccre coolant ave. vel, ft/sec. 16.52 2
Heat transfer surface, ft<. 49,734 2
Ave. temp. rise in core, F. 53.6 1
Hot channel outlet temp., F. 649.5 1
Core coolant vol.(total), fr3. 722 2
Fuel centerline temp.(max), F. 4170 2
Fuel temperature (ave), F 1200 2

Table 1.0



Volume Data

description value reference
Reactor Vessel
Lower plgnum, £e3, 292 2
Core, ft-. 722 2
Downcomer, £t3. 1225 2
Upper plenum, t3. 776 2
Upper head, ft°. 508 2
Steam Generator
Lower plenum, fe3. 277 2
Upper plenum, ft3. 281 2
Secondary side, ft3. 3412 3
Pressurizer (at 220 ig. water level)
Water volume, ftJ. 800 3
Steam volume, £r3. 700 3
Cold Leg, each, ft3. 237.5 3
Hot Leg, each, £e3, 469 3
Reactor Coolant Pumps, each, ft3 98 3
Surge Line, £fe3. 20 3
Spray Line, £e3. 2 3
Core Flood Tank, each, £e3. 1410 2
Make-up Tank, ££3. 400 6
Reactor Coolant Drain Tank, £e3 920 6
Containment
Free volume, £e3. 2.116 X 106 4
Sprayed volume, £e3. 1.629 X 106 4
Table 2.0




FLOW DATA

cn m o e e e W m e e m = T R W MR WM W T R s A T ER e e M e T R e T e e e e e MR MR e e e e e - e e e e = e o e M = = e = — -

Total Reactor Flow, 1lb/hr.

Average Flow Path Leng:ths, ft.
Hot Leg
c2.d Leg
sream Generator
Reactcr Vessel

3

Reactcr Ccolant rump

ZToolant Velcrity, ft/sec
Jz.34 Leg
Hoe Leg
Jore

cclant System Pressure Drop,

Feactcr Ccclant Pump Flow, % design
} pumESs
o ra2rrs, 1 each locp
~oictcr Coolant rumps
< F4MFS, gpm.rurmp
MawmiT.um Lotdown Flow, gpm.
Hign rFressure Injection
3 pimrs, gpm/pumyp

-re Inrecrtion
iTESs, gpmypure

Zrergency Stear Generator Feed
(rixil ary Fecedwater)
2 Toewer Durgs, Jpm/pump
1l turb:ne pump, gpm/pump

psi.

Table 3.0
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66
33
70
70
18

48.2
63.8
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120.4

74.4
45.5
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300
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SAFETY AND RELIEF VALVE DATA

Pressurizer Code Safety Valves

Pressure setpoint, psig. 2450 3

Capacity, 1lb/hr., total 690,000 3
Pressurizer PORV

Open, psig. 2255 3

Close, psig. 2205 3

Capacity, 1lb/hr. g 112,000 3
Pressurizer Spray Valve

Open, psig. 2205 3

Close, psig. 2155 3
Secondary Steam Relief Valves/generator

4 ea. open, psig. 1050 5

2 ea. open, psig. 1065 5

2 ea. open, psig. 1075 5

2 ea. open, psig. 1102 5
Reactor Coolant Drain Tank

Relief valve setpoint, psig. 150 3

Relief valve capacity, gpm. 2270 3

Burst disc burst pressure, psig. 195 3

Burst disc capacity, 1lb/sec steam 472 3

NOTE: Secondary steam relief valve capacity, at 1050 psig. and
600 F is 6,340,936 1b/hr. or 120% of a reactor power level
of 2772 Mwt. plus the 16 Mwt. contribution of the reactor
coolant pumps.

Table 4.0
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COMPONENT HEAT LOSS DATA

description value reference
Reactor vessel, bptu/hr. 356,200 4
Contro. rod drives, btu/hr. 500,000 4
S-eam generatcrs, btu/hr. 418,000 4
Pressurizer, btu/hr. 332,000 4
Reactor cooc.ant purys, btu/hr. 390,000 4
Reactor coolant piping, btu/hr. 435,000 4
Ma:n steam piping, btu/hr.” 450,000 4
Feedwater piping, btu/hr.” 208,000 4

inside containment

NOTE: Insulation i1s all metal reflective insulation fabricated
from austinetic stainless steel.

Table 5.0



VALVE LIST FOR TMI-2 STANDARD PROBLEM

Identity[1] Size Description Function/Remarks

REACTOR COOLING SYSTEM

Pressurizer PORV Line

| {Pressurizer steam dome}

1RC-V2 2.5 MO gate [2] Block Valve (NO) [3]

1RC-R2 2.5 PORV Pressure relief, opens @ 2255 psig,
closes @ 2205

{Reactor Coolant Drain Tank header}

Pressurizer Spray Line
' {Reactor Coolant Pump RC-P-2A outlet}

1RC-V108 2.5 Manual gate (NO)

‘RC-V1 2.5 MO globe Operator or Auto-control on RCS
. pressure

/RC-V3 2.5 MO gate (NO)

1

{Pressurizer Spray Nozzle}
Pressurizer Vent [4]

' {Pressurizer steam dome}

JRC-V114 1 Manual gate (NC) (5]
IRC=V115 1 Manual globe ??? (NC)

i {Reactor Building Vent Header}

Letdown Line
"{RC-P-1A Inlet Line}

1RC-V121 2.5 Manual globe Block Valve
'MU-V1A 2.5 MO gate Inlet to Letdown Cooler MU-C-1A
1MU-V2A 2.5 MO gate Outlet from Letdown Cooler
' Mu-C-1A. (ES) [6]
'MU-V18B 2.5 MO gate Inlet to Letdown Cooler MU-C-1B
'MU-V2B 2.5 MO gate Outlet from Letdown Cooler
X MU-C-1B (ES)

'MU-V376 2.5 MO globe (ES)

NOTE: Al11l data in table 6.0 taken from reference 7.

Table 6.0
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aentityl1}  Size
ML-vi00 2.5
M-V 1.%
MU-V102 P!
'MU-V101 2.5
TMU-US 2.5
MU-VI3 2.5
(M_-2-FE}) 2.5

Description

VALVE LIST FOR TMI-2 STANDARD PROBLEM

Function/Remarks

Manual gate
) gate [7]
Man,al gate
Manual gate
AQ gate

Marual gate

Flow Nozzle

Letdown Blocx Orifice {NC)

Let Down Block Orifice flow
control.

Letdown Block Orifice flow
block

Isolate bypass control valve.
Letdown 3. 0ock Qrifice bypass
control.

Isolate bypass control valve.

Probably a venturi or calibrated
orifice.

‘{Puri®-catron Jem neralization complex}
1Mave Lp Tark}

Sa‘ety .--ection to Cold Leg lA

viMake ¢
VoM l3-rEa)
]
)

:UL'-IGD

f e A A,
.uv'\n"ugu

LR P
¢~

LA TN

LA
LRy Q)

l2 2 Leg iA)

2.5

2.5
2.5
2.5

Flow Nozzle

MO Globe
Check
Check

Ca‘er, ‘~‘ectizn to Cold Leg 2A

Pump and flow distribution network}

Probably a venturi or calibrated
orifice.

(SE) Safety Injection Control
Prevent backflow.

Prevent backflow.

*{Mane _c Pump and flow distribution network}

P{MU23-7E3)

M_o-J160
MU-vad2¢
v -V152C

{l2'¢ Leg 2A:

_afety Injection ana Ncrma

-

2.
2.
2.

WU

Flow Nozzle

MO G'obe
Check
Lneck

Probably a venturi or calibrated
orifice.

(SE) Safety Injection Control
Prevent backflow.

Prevent backflow.

Maxe Up to Cold Leg 1B

{Make Up Pump ara ¢ ow zistribution retwork)

(ML23-FER}
MU-V1I6B 2.5
MU-va928 2.5

., -yl528 2.5

2.5

M2 Globe
Checr
Chec»

Flow Noz:zle Probably a venturi or
calibrated orifice.

(SE) Safety Injection Control
Prevent backflow.

Prevent backflow.

“able 6.0 (ccort)



VALVE LIST FOR TMI-2 STANDARD PROBLEM

Identity[1] ize Description Function/Remarks
:iMake Up Pump and flow distribution network}
' {MU24-FE} 2.5 Flow Nozzle Probably a venturi or calibrated
: orifice.
'MU-V153 2.5 Manual gate Isolate MU-V17.
‘MU-V17 2.5 AQ globe Normal make up control.
1MU-v154 2.5 Manual gate [solate MU-V17.
MU-V155 2.5 Manual globe Bypass MU-V17.
'MU-V18 2.5 A0 gate (ES) Normal make-up
: block.
'MU-V4028B 2.5 Check Prevent backflow.
1MU-V1528B 2.5 Check Prevent backflow.

1 {Cold Leg 1B}

Safety Injection to Cold Leg 2B

! {Make Up Pump and flow distribution network}

1 {MU23-FE1} 2.5 Flow Nozzle Probably a venturi or
; calibrated orifice.

i R

'MU-V16A 2.5 A0 globe (ES) Safety Injection
: Control.

1MU-402A 2.5 Check Prevent backflow.
'MU-152A 2.5 Check Prevent backflow.

1{Cold Leg 2B}

Table 6.0 (cont)
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VALVE LIST FOR TM]-2 STANDARD PROBLEM

.
¢

icert oty Stze Description Function/Remarks

STTINDARY SYSTEM

Main Steam Supply to High Pressure Turbine
1{Steam Jenerator RC-H-1A}

MS-VIA 23 MO globe Steam generator isolation,.

MS-yiA 24 MO globe Steam generator isolation.

({Steam (rest % 4.}

"{Steam Gerer~atcr RC-KH-1B}

“S-vaB R MO globe Steam generator isolation.

"8 24 M0 globe Steam generator isolation.

{Steam Crest L. H.}

im P Turbine)

.

T & Turbine Bypass

;Ma‘'r steam trunx .1nes, connected via individual 8 in. lines to a common
: 2 in. turbine -ypass line.}

L]

1

MS-VI5A 10 MO globe Steam generator isolation.
MS-, L7 4 Manual gate Gland Steam Seal System steam
supply. (NO)
MS-/18 4 Check Prevent backflow.
{57anc Steam Seal System.)}
TMSU2IA 4 Manual gate Steam supply to Feedpump Turbine
! Drive. (NC)
-»F--,IB}
MS-y36A 6 Manual Gate LP Turbine A heat supply block.
tMS-V3TA 6 AQ gate LP Turbine A heater control.
‘Morsture Separator Reneater MO-T-1lA}
MS- /368 6 Marual Gate LP Turbine B heat supply block.
MC-J378 6 AQ gate (P Turbine B neater control.
_Miirst.re Separator “eneater MO-T-18})
ME-Y23A 1C M0 gate Turbine bypass block. (NO)
MS-V25A 3 AQ gate Turbine bypass control,
{Surface Condenser "H" Hot C0-C-18B}
M- 244 10 MO gate furbire bypass block. (NO)
PMC-J26A 8 AQ gate Turbine bypass control.

{%.rface Condenser "H" Hot CO-C-18B}

Table 6.0 (cont)
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VALVE LIST FOR TMI-2 STANDARD PROBLEM

Identity[1l] Size Description Function/Remarks

Loop B Turbine Bypass
"{Main steam trunk lines, connected via individual 8 in. lines to a common
! 10 in. turbine bypass line.}

'MS-V158 10 MO globe Steam generator isolation.
/MS-V218 4 Manual gate Steam supply to Feedpump Turbine
: Drive. (NC)
 {FW-U1A}
1MS-V238 10 MO gate Turbine bypass block. (NO)
'MS-V25A 8 A0 gate Turbine bypass control.
' {Surface Condenser "H" Hot CO-C-1B}
1MS-v248 10 MO gate Turbine bypass block. (NQ)
'MS-v268 8 AO gate Turbine bypass control.

{Surface Condenser "H" Hot C0-C-1B}

Steam Generator A Atmospheric Dump
‘{Outlet Steam Generator A}

TMS-V1A 6 Manual gate Steam dump block valve. (NO)
'MS-V3A 6 in/8 out AQ gate Steam dump to atmosphere.
1 {MS-U7A} 8 in/10 out Muffler

Steam Generator B Atmospheric Dump
'{Qutlet Steam Generator B}

\MS-V18 6 Manual gate Steam dump block valve. (NO) .
IMS-V38 6 in/8 out AQ gate Steam dump to atmosphere.
{ {MS-U78} 8 in/10 out Muffler

(1] Items are ordered according to normal flow direction. When a path
branches, elements of each branch are grouped and then paralilel
groups are indented. Non-valve items, enclosed in braces {}, are
included for clarity.

(2] MO = Motor operated.

(3] NO = Normally open.

(4] The pressurizer vent line was not active during the accident.
(5] NC = Normally closed.

[6] ES = controlled by Engineered Safety System.

[7] AO = Air (pneumatic) operated.

Table 6.0 (cont)
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KEASTOR O LANT SYOTIM FARAMETIRS

TatalL Qore power Qouifutl, MWt 27i¢
Tes.gr systex flow, 10° lt/h 137.%
ssi, core flzw avajladble [.r hee: 1S
crangfer, .. % ll.h

Rea:’ .y vesse. .niet -emp, F {a> ...% power S5
ey t0r vessel cut.et terp, F (as 120% ;cver) t27.7

Core '~ area ava..ab.e f{.r reat transfer, It

Lea *-r coolant sys'em jress. arcp, psi 120. L

LRl nd
Ur~e_ -ve-arle 2ore yress. 2rop, psi L.
. Lot
Average core coc.ant velidity, fis %2
. ‘ - ' 3
JoLld Lep cli.ant veLllily, 1.8 «B.
554 Lep cOcLAnt ve_ozIity, It.s e3.
TABLE 8
FEIMARY CJYSTEM JIMPININT
ELEVATICKS
Cimronent Eilevation, fe-1in.
Festtor cutliet plring =2
tenctor vessel 1 wver head (-)ou-0
Cteam Sseterelor Lower heal (-)235-0

#ressurizer .~wer head (=) 3-z.%

RC puzp 34

I

~raree cipirg (+) 2-c



TABLE 9

REACTOR VESSEL DESIGN DATA

Itenm Data
Cesign/operating pressure, psig 2500/2155
Kydrotest pressure (cold), psig 3125
Design/operating temperature, F 650/€08
Qverall height ¢ vessel and closure head, ft/in. Lo/8-7/8
Straight shell misimum thickness, in. 8-7/16
Water volume (core and internals in place), ft? L0110
Thickness of insulation, in. L
Number of reactor closusure head studs 60
rlange ID, in. 167-1/2
Shell ID, in. 171
Inlez nozzle ID, in. 28
Jutlet nozzie ID, in. 3€
Zore flooding water rozzle ID, in. 11-1/2
Diameter of reactor closure head studs, in. 6-1/2
Coolant crerating temperature inlet/outlet F S57/608
Reactor coolant flcw, 1lb/h 137.90 x 108
Shell cladding minimum thickness, in. 1/8
Shell cladding nominal thickness, in. 3/16
Closure read minimum thickness, in. 6.625
Lower head minimum thickness, in. 5
Control rcd drive nczzles I3, in. 2.76
Axial power snaping rcd drive nozzlas ID, in. 2.76
Incore instrumentaticn nozzles sched. 160 ID, In. 3/L

Dry weight, 1b {estimated)

Jessel 678,600
Closure head 162,500
Studs, nuts, end washers Lo, 200

14
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General Arranpement of Core Support Stiu ture
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TABLE 10

REACTOR COOLANT SYSTEM PIPING DESIGN DATA

Reactor Inlet Pivina

Pipe, ID, :in.

Design pressure/temperature, psig/F
Operating pressure/temperature, psig/F
Hydrotest pressure, psig

Minimum thickness, in.

Coolant volume (hot-system total), ft?
Dry weign:z, system total, lb (estimated)

Reactcr Outlet Piving

Pipe, ID, in.

Design pressure/temperature, psig/F
Jperating pressure/temperature, psig/F
Hydrctest pressure, psig

Minimum thickness, in.

Coolant volume (hot-system total), ft3
Cry weignht, system -otal, lb (estimated)

ressurizer Surge Ploing

Pipe size, :in.

Design pressure/temperature, psig/F
Operating pressure/temperature, psig/F
Yydrotest pressure, psi

Coolent volume, hot, ft

Dry weight, lb (estimated)

Pressuriczer Scrav Pioing

{pe size, in.
Design pressure/temperature, psig/F
Operating pressure/temperature, psig/F
dydrctest pressure, psi
Coolant voluxme, hot, =
Dry weight, lb (estimated)

24

28
2500/650
2255/556
3125
2-1/4
950
225,000

36
2500/650
2192/608
3125
2-7/8
938
210,000

10, Sch 1ko
2500/670
2192/650
3125

20

5000

2-1/2, Sch 160
2500/650
2255/556
3125

2

650



Component

TABLE 11
MINIMUM FLOW AREAS

Location

Flov area, re 2

Hot leg
Zcld leg

Steam generatcer

Regctor vessel

REACTCR CICLANT SYSTEM PRESSUPE

RT razmo
Pu=p/locp combinaticn
-2t Afleoer 3)
2/2
¢/l
L
les.sn Tressure
sress.rizer czdie safely
H.gr jress.re reac%cr %
Fressurizer elect
R 1
T
Clzse
g Y
H.gr tressure alarc
Fress_-.zer syray velve
lyern
Close
- wrasing precsurel®)
LT ergatlng jrecsure
..o (e}
i pre=csuire alarnm
W pressute reatiir T
B drote;t pressure

(]

(a

)

Flovmeter

FZ inlet nozzle

RC outlet noziles

92,400 92,42
0,000 95,60
222,800 -22,7C

TABLE 1+

(a)

6.6

CTIIRYY S
R A N s

Pressure,
Dsig
2500

50

25

0y

ro
n

2255
220¢

2255

2205
2155

2168
205¢
1900
3125

Capacizy,

1b.'h

* e Al

3 -~ 8.
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RC-v3 24"
‘MoTor 0ftZATED

GATC VALVE

NeRrmaLLY OPEV

KC ‘V ' 2 yz“ \‘
MoTok OfcTATED
GLOBY VALVE
CovTrOoL

Re-vio8 2%"
\

MANUVAL GATE
VAWVE
NogMALLYy o XN

379 Fr.

a—— PRESSURIZER

2A Cowo Lea

A Loor
— Hor Lea

€

Iy n ( 3
Spray Live s 2% sen 160 S.S. e’é 5
2.125"1.0. Coounur owwme = CFr3

12.25 sr/

SLRGE kwe IS 10" sen /46 S.s.

£.15"I.D. Coorant Vouume = 20 Frd
¢,

No ,

SURGE AND SPRAY LINE DETAILS
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TABLE 14

REACTOR COOLANT PUMP AND MOTOR DESIGN DATA
(Data per pump or motor)

Pump data

Design pressure/tempersture, psig/F
Hydrotest pressure

rrm at nameplate rating

Developed head, ft

Capacity, gpm

Seal water lnjection, gpm
Controlled bleedoff, gm

Injection water temperature, F
Cooling water temperature, F

Pump discharge nozzle ID, in.

Pump suction nozzle ID, in.

Overell height (pump-motor), ft/in.
Dry weight without motor, 1lb
Coolant volume, re3

Required net positive suction head, ft

Motor data.

Type

Voltage

Phase

Frequency, Hz
Insulation class

Starting current
(fu1l voltage), amp

Pover (nameplate), hp
Rotor moment of inertisa, 1b-ft?

Motor weignt, 1b

30

2500/650

ASME, Section III
1190

362

92,L00

8

1

95

95
28

28
31/5-15/16
113,000

98

Loo

Squirrel cage induction
single-speed, water-cooled

6,600
3

60

F

3,600
9,000
70,000
102,850



ELLEA ARE nd S rAamEsS STEEL

E DIFFUSER AND 1MVF

CAS

98 ¢r!

PUMP INTER VAL FLUID VOLUME IS

JEACTOR COQLANT PUMP




Head. ft

Tota)

500

400

300

200

— Design Porint st
N
=3
. \
- | 1 1
30 50 70 90 110 130

Flow-Thousands of gpm

REACTOR COOLANT PUMP ESTIMATE
PERFORMANCE CHARACTERISTICS
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Iten

Tesig-’crerating pressure, psig
arctest pressure (cold), psig

Tesign/cperating texperature, F

Norzal vater volude, IS5
Nor=al steaz voluxe, red

T.e-tric heater capacity, kW
Cveral. height,
Chel.. 0, in.

Jnell =ipimum <hickpess, (c.

Oy velght, lb. (estizated)

Macvay opering, dia., ID, in.

Tlecer-matic relief valve si:e,

33

in.

~a

2500/2155

3125

€70 65

8o

70¢

1638

Li/11-3/4

96-3/8
.18

304,720

1C, Sech 140

, Sch lsC

L

3

1, Scn 160
1, Sch 1c0
3/8



Vent nozzle

Spray nozzle

PRESSURIZER 1S CARBoON
STEEL INTERNALLY CLAD
WITH e INCH THICK
STRINLESS STEEL

STEAM VOLUME 700 Fr3
WATER VoLumeg 800 fr?

FOR A WATER LEVEL GF

220 INCHES ABavE
LOWER SENSING NOZZLE

PRESSURIZER

Reliel valve nozzle
{typ of 3)

4.75 in. min.

Spray line

A

L. Level sensing nozzle

fet— 84 in |D —e

= (lyp of 3)

Steam space

-2—6.188 in. min.

Normal water ievel

YOOGS GIIIIIIIIIIIIIII IO IS

Thermowell

GO I OO I NI IO IS IIIIIS,

Heater bundles (rotated)

Level sensing nozzle

(typ ot 3)

Surge line nozzle

H



TABLE ¢

STXANM GINERATOR DESIGE DATA

Data per
ltem steam generator
Steaa conditions at full loed, outlet noiiles
Steam flow, 1b/h 6.12 » 108
Steam texrerature, F S70 (3SF superreat)
Steaxm rressure, psig 910
Feeilwvater Zexjerature, F L70
Reactcr ccc.ant flov, Lb/h 68.95 « 1¢®
Seaztor coclant sile
Tesign/cCperating pressure, psig 2500/ 22859
Tesign,crerating texperature, F
Irlet 650/608
lunles 650/556
“virztest pressure, psig 3125
Jzolant voluze \hot) re)d 2017

Secondary siie

Tesign cperating pressure, psig 1050/910
Ces'gn teperature, P 600
Syirotes: pressure, psig 1312.5
Net volume, 2-3 3k12

Zizensions

T_ces, 3:’:1". vall, ia. 0.625/0.03L
Sverall height (including skirt), ft/in. T73/2-1/2
Srell, CD, in. 151-1/8
Srell =in‘zux thizxress (at tube sheets &
feedvacer cornect), in. 6.62%

Srel.l minlizux thicxness, ip. L,187s

T.ie sreev, “ni:knesses, in. 24

Cry we.gnt, Lb. 1,144,500
Txpaosei tube length, ft/inm. 52/1-3/8

Gcziles - reacccr T:olant sile

Inles mozzle I, in. 36

C.nlew Nazi1le, ID, :n. 28

Zratzn rozzle, ib. 1, Sch 160
Manwvay [D, !n. 16
Handnoles, in S

iczzles - seccnidary s.le

Stea= nozzle I, .a. 2b-1/74

Jent notile, io. 1-1/2, Sch B¢
Zrain nozzle, in. 1-1/2, Sch 20
“rain 5ozl ‘a. 1, Sch 80
e"el sen lirs nozzle, in. 1, Sch 80

wermcwell IT, (0. 3,9

Mnnvuy ID, in. o
Feeduater ncrz.e, 0. 1+, Scn 80
Axilleary feedvater ncii.e, lo. 6, Seh 80

“andho.es iia., in. S
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- PART 111
- NSAC PERSPECTIVE

FRCJECT DESCRIPTICN

~ cetailed analys:s of core conditions for the ™I-2 accident requires cetaiied
*nfcrration atout the geometry and materials propert:es of the core and ad acent
regicns. This inforration is provided here so that different core transient
analyses can start from the same descrirtion of the "M[-2 core in its original,
ntact corciticn.

00,827 TBEJETTIVE

The zbre-tice is to minimize discrepancies between individual analysis of TMI-2 by

crovtd'ng 3 conststent input description of the core and its materials. -
t

“he :~2lycis 0f *he ™!-2 core is complicated by a need to couple together
separ:-e :ralyses of various time intervals and plant events. There is also a
reec to corpare ‘etailed calculations with a generalized analysis of core
-~rziziors - oorcer 0 bench-mark the generalized analysis approach. A good set
0° tourdary cond'-ions and materials properties 1s the logical beginning point.

Sor TTT 3ECULTY

Loowe 2

Tmp TMTL2 ag-byo 't core 'nformation has been organized in a handbook format to
cacilivate 175 use in any "MI1-2 core analysis. The TMI-2 experience has shown
-na* “he availabi''*vy 3f a well-documented set of basic plant design and materials
vr€ r=a3vion can ~e a1 Lremendous asset 1n core-event analyses. in general, it
;czears that plant safety analyses reports and related licensing informaticn are
~e1ther complete encugh ncr in sufficient detail *o permit such analyses. This
recort or 1 'ogical extension of it might serve as 1 model in preparing similar

ranchnoks for nther plants.
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ABSTRACT

Tne nominal desijn and material characteristics of the TMI-2 reactor core and
adjacent regions have been surveyed. The dimensions, functions, and basic
thermal properties of reactor components are organized and discussed for
reference purposes.
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1.0

C_MMARY

A survey was made of publicly available documentation for the purpose
of characterizing the nominal geometry and material configuration of
the TMI-2 reactor core and immediately adjacent regions. Information
about the design, material inventory, and related thermal properties
was identified and organized in a consistent format for each of the
components considered. The results of this survey were documented

t0 support the generation and interpretation of NSAC-sponsored
3~al,ses of the March 28, 1979 incident at TMI. The report format

A l2ws further details to be added, if the need arises.

o @pre ..
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2.0 CNTRODLCTION

v

sn an .pcoming technical report, NSAC plans to assess the core damage
corsequences of the 3/29/79 TMI-2 accident. Current analytical re-

sults and small-break modeling requirements will also be addressed.

For these reasons, it is necessary to organize and document the pre-

acc cent contiguration of the TMI-2 core. Such documentation will
sro.ize: 1) 3 physical perspective by which to evaluate the post-accident
core condition, and 2) consistency of input among the .arious component
arc system cocdes which may be involved in subsequent analytical efforts.

“he ‘ol'-wing report consolidates much of the publicly available data
on the lesi3n and materqal configuration of the TMI-2 core regfon. The
reporting of nominal data implies an assumption that the core was buflt
as Jesigned. Section 3 addresses the functional aspects of the core d%
pare ¢ tre overall nuclear steam supply system. Section 4 describes
*ne zasic configuration of the reactor core ind immediately adjacent
isns. Section S summarizes the core material inventory and thermal

-

e

«)
-

crocerties. 2eferences are identified in Section 6.

(]
t
—






WILDAR STIAM SUPPLY St TEM

The tasic ‘Tmction of *the reactor core as an integral part of tre ruclear
steam supply system is outlined in this section.

Figure 1(1‘) ill:strates the main components of the nuctear steam supply
system at TM[-C. For simplicity, only one of the two primary and
secondary loops connected to the reactor vessel is shown. Also, only

one 0¢ the two co!d legs in the primary loop is shown.

Al A (
Insuwwfyh"J

iocc 1s Iontinually being heated in the reactor core. The primary

. the highly pressurized circulating fluid in the primary

100p s housed in the containment building. Heat is transferred from

the orimary 3 the secondary loop fluid in the steam generator. The
resulZing steam passes through the turbine, condenses, and is returned -
t2 the steam generator for another heating cycle. Subsequent discussiont
=117 fscis on trhe primary loop portion of the nuclear steam supply systeﬁ.

Cad

cn Prmary System

As previously indicated in Figure 1, the main primary loop
components are the reactor vessel, pressurizer, steam generators,
reacor coolant pumps and interconnected piping. Figure 2(2) Shows
a "zo view of how the primary loop components are arranged in

twc ~eat transfer loops, each incorporating two reactor ccolant

.. ps and one steam generator. Figure 3(2)
tne relative elevation of the primary loop components.

gives a side view and

“he primary loop coolant is heated in the core region of the
reactor vessel and transported by the hot leg piping to the

s eam jenerator. Heat is transferred to the cooler fluid in the
Lwcondary -sstem as the primary fluid flows downward through the
stear generator. The pumps return the primary coolant to the
reactor vessel through the "~0 cold legs >n each heat transfer

3-1
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T STEAM SENERATCR

REACTOR
ZCOLANT

PRESSURIIER

Frgunt “ap ifm ot D=2 Primary System Layout
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Yoo, Durn‘g normal operation, primary coolant rerperatures are
maintained in a sub-cooled state by varying *ne a~surt of electrical
heat input to the pressurizer. The reac’>r components of *he

orizary system will be emphasized below.

3.0 Reactor Vesse)

The reactor vessel is a large steel tank some 41 feet
hijh and 16 feet in diameter. The reactor vessel
encloses and supports the nuclear core and associated
structures. As shown in Figure 3, the overall vessel
geometry is cylindrical with spherical upper and lower
plenums at the ends of the cylinder. The upper head
piece is removable for refueling and material sur-
velllance. The minimum wall thickness of the vessel
shell (sides), upper head, and lower head are re-
spectively 8.4, 6.6 and 5.0 ifnches. The shell .
incorporates coolant inlet and outlet nozzles as
previously seen in Figures 2 and 3. The top and

bottom heads are penetrated by flanged nozzles. The

top penetrations are mainly for reactivity control
hardware., The bottom penetrations are for core in-
strumentatfon hardware. All in;ernal surfaces of the
vesse! are clad ~ith a stainless steel layer about

0.2 inches thick to minimize corrosion by the primary
coolant. The vessel, upper head, and closure pieces
together have a dr,y w~eight of some 440 tons. The

reac*or vessel internals are described below.

J.v Peactor Vessel Internals

“ne reaccor vessel internals 1nclude the active core,

plenum assembly and core support assembly. The active
core i3 an array >¢ nuclear fuel rod bundles and their
assocfated -ontrol element assemblies. The plenum assembly

consists of a plenum cover, urper grid, control rod

3-5



assembly guide tubes, and a flanged plenum cylinder.
The core support assembly is comprised of a support
- shield, vent valves, core barrel, lower grid, flow
distributor, instrument guide tubes, thermal shield,
and surveillance tubes. The reactor vessel internals

are all removable.

Figure 4(2) shows an axjal cross section of the reactor
vessel with the internals in place. Figure 5(13) shows
a radial cross section of the vessel internals in the

active core region.

The active core and directly adjacent regions will be
described in detail in Section 4.

-

In summary, the active core fills the inside of an ap@roxi-
mate right circular cylinder having a height of 12 feet

and an equivalent diameter of 10.7 feet. The active

core consists of a closely packed array of axially

oriented nuclear fuel bundles. The bundles contain

equal numbers of nominally identical fuel rods. Space

is provided between the fuel rods to allow the passage

of coolant flow and the placement of in-core instrument
tubes and various types of reactivity control rods.

The adjacent core regions include the upper and lower
end fittings on each fuel bundle, the upper and lower
core support plates, and the concentric cylindrical
hardware that occupies the annular region between the
peripheral fuel bundles and the inside wall of the
reactor vessel. In summary, the components of the
adjacent core region structurally support the core,
maintain alignment between the fuel, control, and
instrumentation assemblies, direct the flow of primary
system coolant between the vessel and core inlets, and

1imit neutron flux levels at the vessel wall.

3-6
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i

CRI CANFIGURATION

This sece‘on presents jecmetry and material data which characterize the
nominal design configuration of both active and immediately adjacent
regions of the TM[-2 core. Most of the discussion which follows is -ased
on the review and consolidation of information contained in safety
analysis reports <or TMI-C(z) and other plants of the same or comparable

vendor product® line(26'37).

The summary tables in <nis section indica‘e
~~er g13nificant incertainty exists in the available dimensional or
Taterial data for a given component. Unless otherwise stated then,
all of the Jata presented below are thought to represent the actual core

Zesign conditions to within a few percent,

¥y

.. ~“ctive Core Reqion

“ne active core region consists of 177 individual fuel
assemblies arranged in a square lattice to approximate the

snape of a cylinder. In the discussion which follows, the

core will e described 1n its shutdcwn configuration. Shut-
sown configuration means that the control rod assemblies,
norraily withdrawn from the core during operation, are assumed
<0 be fully inserted and thus part of the active core region.
“ne axial and radial locations of the active core region within
*ne reactor Jessel were previously seen in Figures 3 and 5. The
~«erall dirensions and confiquration 2f the active core are

symmarized 'n Table |.

A1) cf tre fuel assemblies that constitute the core are of

identical construction and materials. The fuel assemblies drffer

3n’, in the contents of the guide <ubes ind instrument tubes

that ire car” of eacn assembly. The core Cross seczion shown

1n Figure K 1i€€eren-:1°es “he ‘el assembles in this
12,6,15,32)

regoe. L5
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TABLE 1 - ACTIVE CORE REGION DATA SUMMARY

Parameter

geometry

total length

active length

maximum core diameter
minimum core diameter
total flow area
heated flow area
total surface area
heated surface area

fuel rod assemblies

full length control rod assemblies
part length control rod assemblies
burnable poison assemblies

orifice rod assemblies

zircaloy

304 stainless
inconel
Ag-In-Cd
A1203-B4C

Gd203 U8

ZFOZ

uoy

trace materials

total material

Units

in
in
in
in

ft2
ft
ft
ft

NN

1bs
1bs
1bs
1bs
1bs
1bs
1bs
1bs
1bs

1bs

Value

155.2=1
144
133.8
129.0
52.3=#1
49.2
57979
49734

177
61
8
68
40

50770
3550
2670
6060
1380
290
730
205140
250+100

270840+5%

4-2

Comment

open lattice

between assy end fittings
pellet stack length
diagonally across 11 assys.
perpendicular across 15 assys.
based on total/effective flow
without core bypass flow
without grids

active surfaces

without assy end fittings

instrument thimbles, instru-

ments, insulation, neutron
sources

between assy end fittings and
baffle plates
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The nuclear reactivity of the core is controlled by fixed or
movable bundles of unfueled rods that are symetrically spaced
among the fuel rods in each assembly. The movable control
bundles contain a neutron absorber along their full length or
part of their length. The fixed control bundles contain either
burnable poison rods or empty orifice rods.

Each assembly in the core contains an instrument tube at

its center. Fifty-two of the fuel assemblies have an instrumented
thimble within the instrument tube to measure the assembly neutron
flux distribution and coolant temperature. The balance of the
instrument tubes contain empty thimbles. Fuel assembly details
are described in the following section.

4.1.1 Fuel Assembly

Each of the TMI-2 fuel assemblies is a 15x15 array of

208 fuel rods, 16 guide tubes, and 1 instrument tube.

The fuel assembly is about 14 feet long, including end
fittings, and is 8.54 inches square. An axial view and a
radial cross section of the fuel assembly are shown in
Figures 7(2) and 8(12). respectively.

In the lateral direction the fuel assembly elements are

held together by eight "egg-crate" type grids, equally
spaced along the assembly length. Axial structure is
provided by the guide tubes which run the length of the
assembly and are attached to the upper and lower end
fittings, shown in Figure 7. Figure 8 shows the symmetrical
arrangement of the components within the fuel assembly.

The space provided between these components allows the
passage of coolant flow. Table 2 summarizes the main
assembly geometric parameters. Fuel assembly components
are further described below.

4-4
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TARLE 2 - FUEL ASSEM: T4 oy
Fara—ater Units Value Tomrent
secretry - 15x.5 sQuare array
<27al ‘length in 165.6 with end fittings
“undle leng:h n 155.2+1 between end *ittings
ictive lengtn in 134.7¢.5 pellet stack length
Irsss section in 8.54 x 3.54 -
23 prtch n, 0.568 -
ficw area iné 39.6 between griz elevatisrs
22%1) surface area ftz 327.6 without grizs
~eated surfice area ft 281.0 active surfaces
anyl.aent hydraulic dia~eter n 0.521 -
equivalent neated diiretar in 0.575 -
‘.el rods - 204 -
;uide tutes - 16 -
inssrumens tube - 1 -
3reds - 8 -
asse~d ', tioe" - A B C 0 -
zirzaloy 1b 276 276 300 276 -
08 statnless ib 37 31 9 11 without end fittings
incone’ 1 15 15 15 15 -
1g-lz-1n 15 % 26 0 0 -
-.-1: : C :f“\.ﬁ UOZ ]b 0 0 22/72 0 =
T b 1 4 3 4 -
US - b 1139 1159 1159 1159 -
12021 materials 1b 1588 1513 1510/ 1366 between end fittings
1500
e ‘iel 255erziy wtth full lengen control assembly inserted
“.el assem=l, with part length control assembl, inserted

witn
“1th

‘el
fiel

assembly
1ssemsly

I o W
e e es

urnable poison assembly in place
crifice assembly in place



3.1.1.1  Fuel Rods

An axial and radial fuel rod cross section is shown in
Figure 9a(2). Fuel rod design and coolant channel data is
summarized in Table 3. The fuel is UO2 powder, pressed,
sintered, and centerless ground to form cylindrical
pellets. The pellets are stacked end to end inside
zircaloy cladding tubes which incorporate upper and

lower plenum voids and support springs. The tubes

are pressurized with helium and welded shut with

zircaloy end plugs.

The ends of each fuel pellet have a slight dish-shaped
depression to allow space for fuel volume changes
during operation(l’z). Also, the upper and lower edge of
each pellet is ground down to help minimize cladding
stress concentration when the fuel to cladding gap is
closed. A ceramic insulator disc prevents physical
contact between the plenum springs and the hot fuel

stack.
4.1.1.2 Guide Tubes

Each fuel assembly incorporates 16 zircaloy guide tubes
which are permanently attached to the upper and lower
assembly end fittings. Axial and radial cross sections
of a single guide tube are shown in Figure 9b. Geometric
data are given in Table 4.

The guide tubes provide an envelope which either directs
the movement of control rods or positions the fixed
burnable poison and orifice rods when they are first
inserted. The guide tubes also hold the upper and lower
end fittings together. The tubes are secured by lock
welded nuts threaded to sleeves welded on each end. The

4-8
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TABLE 3 - FUEL ROD DATA SUMMARY

Parameter . Units Value Comment
geometry - - cylindrical
total length in 153..2 -
active length in 144 -
subchannel types* - A B ¢ -
flow area 1’n2 .177 .159 .166 -
total surface area inz 207 220 215 -
heated surface area in® 194 146 146 -
equivalent hydraulic diameter in .525 .444 .474 -
equivalent heated diameter in .525 .626 .655 -
cladding 0.D. in 0.430 -
cladding ID in 0.377 -
pellet diameter in 0.370 -
pellet density . % T.0 92.5+1.5 -
pellet avg. enrichment wt% 2.57 -
pellet length : in 0.7 . -
pellet dish vol % 1.7+.5 assumed
upper plenum length in 8+1 assumed
lower plenum length in 321 assumed
fill gas pressure psia 465+50,He assumed
plenum spring volume inY/in 0.012+.004 assumed
spacer diameter in 0.366 -
spacer length in 0.440 assumed
fuel material - sintered UQ; -
cladding material - cold work Zirc-4 -
end plug material - zirc-4 -
spring material - 304SS assumed
spacer material - ZrO2 -
zZirc-4 1bs 1724 =
uo 1bs 5.57 =
303 stainless 1bs 0.04 assumed
ZrO2 1bs 0.02 =
total material 1bs 6.87 =

*A fuel rods
B fuel rods & guide tube
C fuel rods & instrument tube



TABLE 3 - CONTR™L =70 GUIC: 7 'BE NATA S{MMiRY

Jarymeter nits value
geg—elry - -
273" lengch n, 15722
*ocal surface area n 261-5
.he 00 in 0.530
tute (2 in 0.498
tute —atermral - Iircaloy
Ivrcaloy 1b 1.0=.1

TABLE 5 - INSTRUMENT TUBE DATA SUMMARY

“irameter

ecreLTy

t9%al lengen
=1l s.rface area

tuse LT

<.be I

tute material

2yrcals,

)
)

TABLE 6

Jnits Value
in 1597
i 246+5
in 0.4333
in 0.441
- zircaloy
b 1.4-.1

CPACER GRID DATA SUMMARY

carareter
jeQmrery

4 s%-1cs per g4

serep length (~crizon®al)
wrp w3dtn (vercical)
STrip "nicvness

s.ric nornsi%y

rie curface arey

stz materal

1ncare!

in1ts alue
- 22
n 8.54
in 1.3C+.2
, vapnt - 02
in 0.02 - 01
b 10
int £294700
- incone!
b 1.2

Comment

cylindrical

Comment

cylindrical

Comment

egg -rate, no Tixing vanes
assumed

stamped out volume, assumec

“oth stdes



tubes ends are open to coolant flow at the top and bottcm,
but the amount of flow is small compared to a fuel rod
channel since the guide tubes each contain a control,
poison, or orifice rod.

4.1.1.3 Instrument Tube

A Zircaloy instrument tube occupies the central position
of each fuel assembly. The instrument tube is attached
to a retainer sleeve which is part of the lower end
fitting.

The instrument tube extends the length of the active
core and terminates in a coolant mixing cup in the fuel
assembly upper end fitting. Zircaloy sleeves are fitted
around the instrument tube between the spacer grids-to
prevent their axial motion.

In 52 selected fuel assemblies, the instrument tube con-
tains a full length instrument thimble. This thimble is
inserted from the bottom of the active core and connected
to a fixture at the bottom end of the instrument tube
retainer sleeve. The thimble is clad with inconel and
houses various in-core measurement devices that are
positioned around a central calibration tube. These
devices include 7 self powered neutron detectors (SPND),
axially spaced at equal intervals through the active core.
Also included are a background or symmetry monitor and a
coolant thermocouple. The thermocouple junction is locatec
at the top of the instrument tube. The instrument tube
and thimble configuration is shown in Figure 9c¢ and sum-
marized in Table 5. Since the instrument thimble mass

(32)

is only about 1 pound , its characteristics will not

be discussed further.



i

~

$.1.1.4 Spacer Grids

Each fuel assembly has eight spacer grids uniformly
distributed along its length. The grids are each mace
from 32 slotted strips of inconel which are fit together
in an "egg-crate” fashion. The inconel strips thus
constitute a 15x15 lattice as shown in Figure 10.

The overall grid geometry is summarized in Table 6.
Physical contact exists between the outside grid faces
of adjacent fuel assemblfes. The grids maintain the
square array and spacing of the fuel rods, guide tubes
and instrument tube within each assembly. These com-
ponents are supported within the grid by contact points
on each grid face. A load is imposed on the fuel rods
by the contact points which 1s sufficient to minimize
fretting wear, but not enough to interfere with cladding
elongation. The outside strips of the top and bottom
grids are axially extended a few inches to allow mechanical
attachment to the end fitting located a few inches above
and below the active fuel region. The small amount of
material represented by this extensfion will be neglected

here,

'nfueled Assemblies

As previously stated, core reactivity is controlled by
‘our types of unfueled assemblies; namely, full and
part-leng-h control rod assemblies, -~urnable poison rod
assemblies, and orifice rod assemblies. Following shut-
down, a1l 0* the unfueled rods reside ~ithin the active
core region, smmetrically positioned inside the guide
subes in each fuel assandbly. The threaded upper ends of
t~e 16 unfuieled rods in each fuel assemhly are attached
by a nu* %0 a stainless steel spider-like structure. The
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spider hub s posi*ioned by 1 fi«ture in the upper part
of the end fitting and is no' considered part of the core
region for the present purpcse. The following di.cussion
will summari:ze the characteristics 5f the unfueled rods.

1.1.2.1 Full Length Control Rods

Sixty-one of the unfueled assemblies consist of full-
‘en3th control rcds. These rods contain a strong

neutron absorber ovar a length *that spans most of the
active core region. Full-length control rods provide

the primary sate shutdown and power regulation functions
in the core.

The absorber material itself is in the form of a

solid metal 3lloy rod containing by weight 80% silver,
15% indium, and 5% cadmium. The absorber rod is
axially positioned within the control rod cladding by
internal spacers and restrained by a hold-down spring.
“he cladding material is cold-worked stainless steel.
The cladding is mechanically stronger than the absorber
naterial and so maintains a fixed control rod geometry.
Since primary system coolant is present in the control
rod guide tube, use of stainless cladding prevents cor-
rosion as well. The control rod has a chemically inert
internal atmosphere. The end plugs are annealed stain-
less steel. A cross-section of a rull length control
r-3 1§ shown 1n Figure lla(z . T“he geometry ard material

1a*a nave been summarized in Table -.

4.1.2.2 Fart Length Control Rods

Ei;nt 0* tne untueled avsemblies 1n the active core

reqicr 2ons18t 0° sart-lengtn control rods. These rods
nase a sivilar jeometry and 1rcarvorate the same materials
3, the *a11 length _:.ntrol rous. The absorber section,

“owever, $pans 1 -~elatively short reqgion near the bottom

4-15
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raryreter

termeltrs

* ~cas cer assemd .
s2tal lengtr
absorber length
clag G0

clad D

adsorter dra—eter
claz ~aterral
atsorber ma‘ter-al
spacar —aterta:l
scr°ng mater-al

end pl.g —ateria’
373 s%2inless
ig-1:-1n
I~

-
-
-~ ¢

R
3! materral

TABLE 9 - PART LENGTH CONTROL ROD DATA SUMMARY

“araTecter

seoresry
3 rocs ser 2¢sembly
©2%al lergth
cscroer jercth

]

N
aag .C
3z
P
p g

reer d-areter
s trzer materal
d —aterial
1,, matarial
*ainiess

THOOONTRNL 2D NATA
Units Valge
- 16
in 15242
in 134
in 0.440
in 0.398
in 0.394
- 304 SS,CW
- 80Ag+15In+5(Cd
- stainless
- stainless
- 304SS,Ann
1b 1.82.2
1b 6.0:1
1b 0.02
1b 7.8 £1.2

Comrens

cylindrical

1% gap assumed

wt %
assumed
assumed

Units Yalue
- 16
in 152
n 36 :
in 0.440
in 0.398
in J.364
- B‘A;*len*SCd
- 3045S,(w
- 3C4SS,Ann
1b 1.4+.4
1H 1.6
15 3.0+.4

4-17

Comment

cylindrical

% gap assumed
wt %



of the active core. Part-length control rods are de-
signed to damp out the effect of xenon oscillations on the

axial flux distribution during power changes. Coolant
occupies the vented region above the isolated absorber
section of a part-length control rod. The cross section
and dimensions of a part-length control rod are shown in
Figure 11b(2) and summarized in Table 8.

4.1 23 Burnable Poison Rods

Sixty-eight unfueled assemblies contain zircaloy clad
burnable poison rods. The position of these rods is
fixed inside the fuel assembly guide tubes, since the
spider element is latched to an upper end fitting
fixture. The burnable poison rods incorporate ceramic -
pellets containing a neutron absorbing material. The
absorber is gradually depleted during exposure to the
core neutron flux. The burnable poison reduces the
positive moderator temperature coefficient that exists
at the beginning of the initial fuel cycle. The poison
also flattens the core interior power distribution and
balances the effect of slowly occurring negative re-
activity changes due to fuel burnup and fission product
accumulation.

The burnable poison material is B4C suspended in cylindrical
alumina (A1203) pellets. The pellets are loaded into
Zircaloy cladding tubes and axially positioned with in-
ternal spacers. A small gap exists between the pellets

and the cladding. Motion of the pellet stack is re-
strained by a holddown spring. The ends of the cladding
tubes are closed by welded Zircaloy plugs. A cross section
of a burnable poison rod is shown in Figure 123(2). The

dimensions and material data are summarized in Table 9.
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NAT 80-13
Revision 0
February 15, 19€0

TABLE 9 - BURNABLE POISON ROD DATA SUMMARY

Parameter Units Value Comment
geometry - - cylindrical
# rods per assembly - 16 -
total length in 148+2 -
poison length in 126 -
clad 0D in 0.430 -
clad ID in 0.360 -
poison diameter in 0.353 2% gap assumed
clad material - zirc-4,C.W. -
poison material - A1203+84C/Gd203+uo2 -
spring material - stainiess assumed
end plug material - zirc-4,Ann -
zircaloy 1b 1.6 -
A1203+B4C/Gd203+U02 ) 1b 1.4/4.5 -
stainless 1b 0.06 .03 -
total material : 1b 3.1/6.2 -

TABLE 10 - ORIFICE ROD DATA SUMMARY

Parameter Units Value Comment
gedmetry - - cylindrical
# rods per assembly = 16 -
total length in 12+4 assumed
clad 0D in 0.480 -
clad ID in 0.440 assumed
clad material - 304SS,Ann -
end plug material = 304SS,Ann -
stainless 1b 0.19 -
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.1.2.49 Crifice Rods

Forty of <ne unfueled assemblies consist of empty Zircalo,
crifice rods. These rods are inserted a short Jistance

into the .pper partions of the gquide tubes in tre

perioreral “uel assemblies. The peripheral fuel asser~lies
do "ot require supplemental reactivity control rods be-
cause the neutron ‘lux is relatively low at the edge of

the active core. The presence of orifice rods is necessary
however, to limit the amount of coolant flow that would
otherwise pass through the empty guide tubes and avoid *he
‘uel rod chanrels. Like the burnatle poison rods, “ne axial
position of the orifice rods is fixed by the mechanical
coupling that exists between the spider element and the

fuel assembly upper end fitting. An orifice rod is
{llustrated in Figure 12b(2).
are listed in Table 0.

The geometric parameters

Adjacent Core Region

The corfijuration of the reactor vessel internals that are
t-reciately adjacent tc the active Zore region are described

in <ris section. The components of the adjacent core region

are aistinguished here on the basis of their axial or radial
or:entation relative "o the effective cylindrical shape of tre
active core reg'on. ris approach is “aken, oecause ‘he coolant
‘"cw patn trrough the acti.e core region is through the ends of

tme effertt,e core £,i'nder. Fl:w can enter 2 leave “ne 2Clive

c.re reg'sn only -~y passing chrough the annular regfon surrounding

t~e effeccive core cylinder.



4.2.1 Radial Orientation

Figure 5 previously showed a radial cross section of
the vessel internals in the active core region.

The space between the outer edge of the peripheral
fuel assemblies and the inside of the reactor vessel
wall forms an annulus around the core. The main com-
ponents of this annulus are the core baffle, the core
barrel, and the vessel thermal shield. The dimensions
of the radially adjacent core region are illustrated
in Figure 13 and summarized in Table 11.

4.2.1.1  (Core Baffle

The core baffle consists of horizontal former p1atgs and
a series of vertical baffle plates. These plates are
forged from stainless steel and together form an inner
wall of structural material that laterally encloses the
active core region. The eight horizontal former plates are
axially spaced between the bottom and top of the active
core region and are bolted to the core barrel. The
vertical baffle plates are bolted to the inner surface
of the former plates and lie flat against the outside
grid faces of the peripheral fuel assemblies. Symmetric
holes in the horizontal former plates allow a small
portion of the primary coolant to flow upward in the =
inch space between the baffle plates and the inside

wall of the core barrel. Relative to core conditions,
slightly lower coolant pressure exists in the core
baffle region to avoid tensile stress on the plate
attachment bolts.

4-22
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TABLE 11 - RADIALLY ADJACENT CORE REGION DATA

SUMMARY

Parameter

Baffle Plates
geometry
length
width
thickness
# plates
material
stainless steel

Former Plates
geometry

total area
flow area
thickness

# plates
material
stainless steel

Core Barrel
geometry
length
0.D.
I.D.
material
stainless steel

Thermal shield
geometry
length
0.D.
1.0
material
stainless steel
Flow Areas
between baffle plates and
core barrel
through holes in former
plates
between core barrel and
thermal shield
between thermal shield and
vessel ID

Units

Value

166+3
8.6/17.2/43.0

0.9+.3
24/8/4
stainless steel
22250+10%

.4
.3

OO
(Vo 3 - Ne o]
1+1+

stainless steel
4940+10%

16623
145.0
141.2

stainless steel
40930+10%

166+3
151
147
stainless steel
44820+10%
17.8+10%
1.4+50%
3, 2420%

35.8+10%

4-24

Comment

vertical retangular plates

total
assumed
all plates together

horizontal perforated
disc segment

1 elevation, 1 side

1 elevation, perforations
assumed o

# elevations

assumed

all elevations

cylindrical

assumed

cylindrical

1 elevation



3.2.1.2 Core Barrel

The core barrel is a flanged stainless steel -ylinder abou-
14 feet long, 145 inches in outside diameter, and 2 inc-es
thick. The core barrel surrounds the baffle region and
extends axiall, between the lower grid assembly, which is
balted to it, and the upper fuel assembly tie plate. The
core barrel structurally supports the weight of the fuel
assem>blies, lower support plate, lower grid, flow distri-
~utor, and incore instrument guide tubes. The outside
surface of the core barrel also forms the inner boundary
¥ +he flow annulus which guides the primary coolant from
the vessel inlet to the core inlet.

1.2.1.3 Ther=al Shield

The thermal shield is a stainless steel cylinder with an
outside Xiameter of 151 inches and a wall thicxness of 2
nches. The thermal shield completely surrounds the core
-arrel. The harrel and the shield are separated by a !
inch space, normally occupied b5y primary coolant. The
thermal <hield reduces the incident neutron flux at the
/e.sel wall and minimizes gamma hea°ing of the wall material.
“ne srie'd extends axially from the lower grid assembly
where 1% is tolted, *o *he upper fuel assembly tie plate
where 1% is radially oinned to the core ~arrel. Between
*he tnermal shield and the inside wall o° the reactor
+essel is a 10 inch annulus. This annulus tojether with
*ne smaller annu'luys Setween tne core barrel and thermal
shield conctitutes the downcomer. The icwncomer forms the
sri=arys coolar® ¢'-w natn between ne cold leg piping and

1-wer plenum,



4..2..2

Axial Orientation

Figure 4 previously showed a longitudinal cross section
of the reactor vessel and internals. Neglecting the
upper and lower plenums, a cylindrically shaped region
extends a foot or so above and below the active core.

This region is occupied by fuel assembly end fittings,

a lower core support plate, and an upper assembly tie
plate. Dimensiornal and material data for these components
is summarized in Table 12.

4.2.2.1 Assembly End Fittings

Figure 7 previously showed the general configuration of
the upper and lower fuel assembly end fittings. The end
fittings are cast from stainless steel and held together
axially by the fuel assembly guide tubes. The guide tubes
are attached by lock-welded nuts to a grilled plate in
each end fitting. The plate allows the passage of coolant
flow through the end fittings. Alignment pins position
the end fittings within close tolerances to an upper tie

plate and a lower core suppart plate.

The upper end fitting incorporates a holddown spring to
oppose upward hydraulic forces on the grill plate during

full flow conditions(z’la). As shown in Figure 14(8), a
hollow post at the center of the end fitting provides a
retaining fixture for the orifice and burnable poison rod
assemblies and a mixing cup to house the upper end of the
instrument tube with its coolant thermocouple. The bridge-
work on top of the upper end fitting provides a structure(14>
for handling the assembly during fuel shuffling and loading

operations.
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“uel Assy .cweer End Fitting
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A3LE 12 - AXTALLY ADJACENT CORE REGION DATA SUMMARY

farameter

Assy Upper End Fi‘tting

geometry

to%al lengtn

Cross sec:i>n dimensions

~ini~um flow area
~aterial
stainless steel

geometry

tctal length

crcss section dimensions

=irimum Tiow irea
~atertal
573 nlasgs stpel

Tie Plate
gelTelry

lrarecer

sniceness

s serfcrations
cerfcratign 2iameter
273’ ficow area
masertal

stainless sceel

~-re “ugpor* Plate
jeome-ry

ilameter

thickness

4 perforations
cer*sration diameter
*~tal ‘12w area
~ateriig)

tainlass steel

Units

in

n
in

b

in
2
mn

1b

in
in
in
ftz

1b

in
in

in,

"

ia
'

ro
4

Value

6.2+2

8.54x8.54
40+10
304 SS
22¢2

4.4:+1.5

8.54x8.54

40+10
304SS
1642

141.2
3.321
177

6+2

34 .8+10

stainless steel

7580+1000

141.2
1.821.5
708

2 -1
15.4:5

stainless steel

16670+3000

Comment

square, cage-like
structure

excluding upper grid
extension

grill plate region

square cage-like
structure

excluding lower grid
extension

grill plate region

perforated disc

1 per fuel assembly

through perforations
assumed

perforated disc

3 per “Lel assy assumed

through perforations
assumed
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"he lower f.el assembly end fitting incorporates 31 certral
connection for tne instrument tube. The “ot*oms of tne
fuel rod end plugs are in contact with the end fittinj
grill plate. As previously stated in Section 4.1.1.2,
axial motion nf the fuel rods is restrained Hy the spacer

grid contact points in the active region.

1.2.2.2 Upper Tie Plate

The upper core tie plate is a large performated stainless
steel disc located directly above the fuel assembly end
fittings. The tie plate is part of the upper plenum
assembly and is bolted to the lower flange of the plenum
cylinder, The tie plate is also supported by the control
rod assembly guide tubes which are suspended from the
plenum cover. The control rod assembly guide tubes are
bolted to tre upper tie plate, directly above the pre-

viously mentioned perforations.

The tie plate aligns the lower ends of the control rod
assembly guide tubes with the upper ends of corresponding
fuel assemblies. Alignment studs on the top of each fuel
assembly end fitting seat with close tolerance into small
holes on the under side of the tie plate. The large per-
forations in the tie plate provide the coolant flow paths
between the active core region and the plenum region. The
upper care tie plate is illustrated in Figure 15,

4.2.2.3 t ower Support Plate

“ne Vawer plate {s a larje perforated stainless steel disc
locite! directly below *he fuel assemblies. This plate
1 the ippermost portton 0f ne lower gr'i assembly and
15 zolted to ¥ 'inge on *op 0f the steel cylinder that

surrounds *ne ;r1d assembly.

1-29



FIGURE 15 - TMI-2 Upper Core Tie Plate
(Courtesy of Babcock and Wilcox Co.)
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The fuel assembly lower »nd fittings rest on the lower ccre
surport plate. Symmetric perforations {n the ;late

direct coolant flow into the bottom of each fuel assembly
and position the instrument tube. The fuel assemblies

are aligned with respect to the perforations by pads

bolted to the support plate. A drawing of the lower

core support plate is shown in Figure 16.

231



FIGURE 16 TMI-2 Lower Core Support Plate
(Courtesy of Babcock and Wilcox (o.)
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REACTOR MATIRIALS

This secticn 2iscusses the solid materials inventory and basic properties
of *ne "M{-2 core region. Approximations have been made when warranted

by *ne lack of more detailed information.

5.1 Material [nventcry

The overall material inventory of the core is summarized below
for bdoth active and ad;acent core regions.

S.1.1 Active Core Region

The active core contains fuel, structural materials,
neutron absorbers, and trace materfals used for in-
strumentation, neutron sources and insulation. The
‘orm, composition, vclume and weight sf material in
each category 1s indicated in Table 13. Only the
initfal core condition is considered in the table
provided; i.e., %“he contributions o fission and
corrosion products and coolant crud Zeposition are
neglected. On *he basis of total mass inventory, the
fiel, seructural, and absorber matertals constitute

about 77, 27, and 1% of the ac-ive core, respectively.

“he acfal diszritution of assembly —aterials tetween

t~e end-"it%21ng gri}l plates is 11lustrated in Figure 17.
The ‘cur types 3 asserolies present at TMI-7 are indicated.
The sriinate axis represents °he local "concentration"

of mass in units of pounds per axial inch of fuel

assemtly. 0 s evifent thar the materral lross section

4¢ *he core depenis on elevition as ~ell as radial position.
2150, witn tre e« ention o UD, -uel, fnconel gri:s,

1nd fuel rod spacers ani end plugs, the assemblies



Category

Fuel

Absorbers

Structures

Trace

TABLE 13 - ACTIVE CORE REGION MATERIALS INVENTORY*

Form

ceramic pellets

metal aloy rod
ceramic pellets
ceramic pellets

fuel cladding

guide tubes
instrument tubes
control cladding
poison rod cladding
orifice rod cladding
spacer grids

spacer sleeves
plenum springs
ceramic spacers
metallic spacers
end plugs

end plugs

SPND

T/C

background detector
neutron source

instrument thimble clad
instrument calibration

tube
insulation

Composition

UO2

Ag-1In-Cd

B.C in A1.0
293

53203-u02

Zircaloy-4
Zircaloy-4
Zircaloy-4
304SS
Zircaloy-4
304SS
Inconel-718
Zircaloy-4
(stainless)
rQ
(stgin1ess)
304SS
lZircaloy-4

rhodium-inconel
chromel-alumel
(cobalt)
AM-Be-Cm
inconel
(inconel)

(ceramic)

Volume

(£t
324.3

—
o
Vo)
~

LooNMNMwWoULoANOO
n
>

Weight

(1b)
205140

6060
1380
290

44440
2690
250
1350
1640
60
2670
. 260

1550

730
450
140
1490

*Estimated uncertainty < 10%

5-2
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5.2

contain different amounts of Zircaloy, absorber material,
poison material, and stainless steel. Material concen-
tration and property gradients are likely to have led

to at least some variation in local core damage conditions

during the core uncovery period.

5.1.2 Adjacent Core Region

The adjacent core region contains structural materials
only. The form, composition, volume, and weight of the
various components are summarized in Table 14. The
amount of material immediately surrounding the core
obviously represents a significant amount of heat
capacity as well as a physical barrier to core movement.

Material Properties

Some of the basic physical properties of the TMI-2 core materials
are presented in this section. In terms of evaluating the accident
behavior of the core, heat transfer and melting point properties
are emphasized. Gas release characteristics are also included for
the fuel. Oxidation and mechanical strength properties are in-
cluded for the main structural materials. Multiple references are
quoted in some cases to indicate that a range of values is possible
because of material property uncertainty, particularly at elevated
temperatures. The core materials have been divided into categories
corresponding to fuel, structural, absorber. and trace materials.
The melting point, density, and heat of fusion properties of the
most prevalent materials have been summarized in Figure 18 for

later reference in this report.
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TABLE

Jorocnen

Fafve Plates

“-r-er Flates

Ccre Barre!
Ther—al Snie'd

Asserbly Ind

14 - ADJACENT CORE REGICH MATERIALS

VWVENTORYY

Carm

rectancular plates

~erforated plate
segments

c.linder
crYinder

cage

cerforated plates

perforated plates

Composition
stainless steel

stainless steel

stainless steel
stainless steel

stainless steel

stainless steel

stainless steel

Yolume Aeignt
(Ft3) (15)
44.5 22250
9.9 4340
81.8 409320
89.6 34827
13.4 6730
15.4 7680
33.3 16670

*Zee [.Tary Zata "ables 11 and 12 ‘cr estimated uncertainty.
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frJ

Fuel Material

The TMI-2 fuyel is a UO2 ceramic in the form of cylindrical
pellets. The pellets consist of hot pressed and sintered
UO2 powder. The basic physical features of the pellet
structure are fuel grafns, grain boundaries, porosity
~1thin the grains and at the grain boundaries, and
randomly Jistributed cracks dividing the pellet into
irregular pieces.

The nominal pellet density is 633 1b/ft3(2). about 92.5%
of the theoretical value at room temperature. The pellet
density is relatively high, compared to other core
materials, Decreases in fuel density between 10 and 20%
have been reported near the melting point, however(za).
The unirradiated stoichiometric U0-> melting point is
between 5070 and 5200°F(3+5+8:10,11,18.28)
point can decrease with burnup, stoichiometry, and

The melting

eutectic-related charges. A —aximum “urnup effect of
abous 300°F decrease in melting point at 50000 Mwd/MTU
can be ex*rapolated from the results of one

experiment for examp]e(zs). A+ 1C% change in Q/y ratio

can lower the melting point by 100 to 200°F(24). This
e‘‘es" 1s relevant for application %o failed TMI-2 rods
jiven a steam enviromment. A liquid phase lirconium

and uranfum 11loy can also exist at the fuel.clad s.r :le at
temperatures 1S low as 3500°F(29). Still, the unalloyed

h

302 fuel has the highest mel*ting point among the core

materrals as illustrated -~y the tempera‘ture scale in
Fiqure 18, The heat of ‘usion of UO2 is 121.3 + 3 8TU/

-cre materials. The thermal conductivity, specific

, a value comparable to that of several other

hea* -ipacity, and *hermal expansion properties of UO2

are pls*ted versus ‘emperacure in Figure 19.
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Thermal Conductivity, Specific Heat, and Therma!
Expansion versus Temperature
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The trermal conductivity curves represent 95% dense
UOz. A porosity correction factor of .33 to .96 should

~e applied to represent 92, 5% dense UOZ(IB'Zd). The
twO upper conductivity curves correspond to 6f§lt /alues

of 90 and 97 ~,cm. The lower conductivity curve s-cws
the relative effect of an increased 0/U ratio, in this
case 2.10. The 0/U ratio increases gradually with
burnup, but again, could also increase given the presence

of steam in failed TMI rods. A conservative skdt value
of 86 w/cm has been suggested for LOCA app]ications(zd).

In any event, UO, has the lowest thermal conductivity of

2

any core material with the exception of ZrOZ.

The nominal specific heat and thermal expansion properties
of UO, are well characterized by maTprof1l:23)

2
tions over a wide temperature range. An effect of O/U

correla-

ratio on specific heat has -een reported below 4500°F,
3s shown in the center plot in Figure 19. The specifi
neat of UO2 is comparable to that of Zircaloy, but i‘s
hermal expansion is greater., Step changes in specific
heat and thermal expansion properties occur when the
~el*ing point is reached at about 5100°F.

Figure 20 illustrates “he temreratire effect on 902 “igsion
gas release behavior. This rroperty is relevant to 7¥l-2
since the interpretation of fission product behavior has
seen applied 0 characterizing ccre temperature condizions.
"he curves shown represent correlations of various steacy-
sta-e data sources. Fuel temperature uncertainty, hurnup,
andi fabrication differences are reflected in the correla-
*ion Zata. These diferences contribute significantly to
*he large varfation be‘ween curves. The effects of off-

~crmal fuel rod chemis‘ry or eutectic formation during a

5.2
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